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PREFACE

This report constitutes Volume III 1in the series of reports entitled
Impact of Aircraft BEwiseions on Air Quality in the Vioinity of Airports.
Volumes I and 11 were published in July 1980 by the Federal Aviation
Administration as FAA-EE~-80-09A and FAA-EE~-80-09B, respectively. Volumes III
and 1V summarize work performed under Interagency Agreement DTFAOQ1-83-4-10556,
between the U.S. Department of Energy/Argonne National Laboratory and the U.S.
Department of Transportstion/Federal Aviation Adainistration. This project
was partially funded by the U.S. Air Force, Headquarters Air Force Engineering
and Services Center, Tyndall Air Porce Base, through a 1981 Meworandum of
Understanding between the U.S. Air Force and the Federal Aviation Administra-
tion. The project officer was Mr. Howard M. Segal, Office of Environment and
Energy, FPederal Aviation Administration.

The last two volumes are entitled:
Vol. II1: Air Quality and Emission Modeling Needs

Vol. IV: Nitrogen Dioxide and Hydrocarbons
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IMPACT OF AIRCRAFT EMISSIONS ON AIR QUALITY
IN THE VICINITY OF AIRPORTS

VOLUME I1I: AIR QUALITY AND EMISSION MODELING NEEDS
by
Donald M. Rote

1 INTRODUCTION

Estimates of emission rates and atmospheric concentrations of various
airborne substances in and around aviation facilities are required for
deteraining compliance with regulations, testing the efficacy of potential
control strategies, and a wide variety of other purposes.

Precisely how these estimates should be wmade, that 1s, what
computationsl procedures should be used, hss been the subject of both
theoretical and field studies for over a decade. When the Airport Vicinity
Air Pollution (AVAP) and the Air Quality Assessment Model (AQAM) were first
designed some 10 years ago, for commercial and military facilities respec-
tively, the major emphasis was on providing a user-oriented, state-of-the-art
tool that would allow the user to treat virtually all sources of pollution
with as much detail as he saw fit. The computer codes were developed and
tested on large, relatively fast mainframe computers. It was assumed that the
users’ machines would be similar and that the users would have staff committed
to the maintenance and operation of such complex computer codes on a long-term
basis. Such staff were expected to be familiar with the aviation facilities,
air-pollution regulations, and the principles of emission and air-quality
computation.

Experience has shown that these user requirements were, in fact, too
restrictive to permit as wide use as might otherwise be the case. Even though
computer use has greatly expanded over the years, much of this growth has been
fn the area of the new, inexpensive microcomputers and minicomputers. Such
sachines, while convenient and easy to use, are not fast enough nor do they
possess the necessary memory capacity to handle the AVAP and AQAM computer
codes in their present configurations. Hence, the use of codes like these has
neither grown with the use of computers nor with the need to perform emission
or air-quality calculations. Therefore, along with the need to msintain these
early codes and to perfodically perform technical updates and refinements to
keep pace with developments in the state of the art of modeling, there is also
the clear need to design new versions that meet the needs and constraints of a
greater number of users operating in the new eanvironment of the microcomputers
and siaicomputers.

The purpose of the preseant report is to address the sudject of wedeling
needs and how thoss needs can be systematically sastisfied. It is noted that
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while some of these needs have aslready been met with existing models and their
corresponding computer codes, others remain to be satisfied. The approach to
this subject used here i{s essentially applications-orifented. It begins with a
1isting of the types of problems involving sviation facilities that are likely
to require the use of computer models and then examines, in sowe detafl, the
technical characteristics of these problems that determine which features an
applicable model must possess. The position is taken that {t {s the nature of
the application, together with various user and machine requirements, that
dictates the type of model to be used. Given this position, the ability of
the currently available versions of the AVAP and AQAM computer codes to
satisfy these technical and operational requirements {is examined in detatil.
The strengths and weaknesses of these models and their computer codes and
supporting documentation are noted. Various necessary and desirable changes
to these models to make them applicable to a greater variety of problems, to
update them, and to make them more usable are then discussed.

As a guide to possible future technical fmprovements, the procedures
and algorithms used by the AVAP and AQAM computer codes are compared and the
best procedures are identified. Where necessary, slternative procedures are
recommended.

A “"decision tree” is then presented as a systematic means of laying out
some of the alternative courses of action that face the decision mskers in
trying to determine how best to resolve the discrepancies that exist between
the present modeling needs and the current modeling capabilities, weaknesses,
and limitations. Both separste and joint civilian and wmilitary agency
alternative actions are presented.

Finally, the modeling-needs discussion ends with a presentation of a
design of a new computational system that is proposed to satisfy one of the
more important new user requirements not met by any current version of AVAP or
AQAM. The new system is designed to be implemented on a small computer, which
should greatly increase ite usability by in-house agency staff.

The report is divided into 11 sections. The introductory section {is
followed, in Sec. 2, by a brief summery of types of potential prodblems
requiring the use of computer models. Section 3 examines those technical
characteristics of the various model applications that uctually determine what
features an applicable model should possess. The operational requirements for
models are discussed in 8Sec. 4.

The AVAP model and its various currently availadle versions are
described in Sec. 3, along with a susmary snd evaluation of its intended uses,
strengths, limitations, end weaknesses. Updates needed to improve the wmodel
sre sleo presented. The AQAM and its various versions are summsrized in Sec.
6 uveing the sams formst as used for the AVAP model. Section 7 contgins a
deteailed festure-by-feature comparison of the AVAP model and AQAM fn which the
best epprosches or alternstives are identified.

il B
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The "decision tree” is presented in Sec. 8, snd Sec. 9 1s devoted to an
outline of the proposed new joint computstionsl system to be implemeated on
small computers. Section 10 is a report on a sensitivity study of emissions
calculations. 1t 1s intended to provide some fnsight into the fmportance of
including various source categories in an emission inventory of an air base or
sirport. Finally, Sec. 11 contains a susmsry and recommendations for future

tasks needed to improve the current models from both the technical and user
points of view.
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2 POTENTIAL-PROBLEM TYPES AND MODEL USES

The two wmain problems of air~quality analysis are estimation of
eaission rates and computation of atmospheric concentrations. For some
purposes 1t 1is sufficient to simply estimate the emission rates, while other
problems require computation of the atmospheric concentrations as well.
Examples of problems requiring emission estimates, but not necessarily
atmospheric concentrations, are:

e Determining compliance with state implementation-plan (SIP)
regulations or emission limits.

o Using rough-cut or screening procedures to determine
wvhether a potential air-quality problem exists or could
exist and whether a more detailed analysis is required.

o Estimating the overall effectiveness of eaission-control
strategies.

Civilian and wmilitary problems requiring computation of emission rates
and/or atmospheric concentrations of various substances are generally either
of a regulatory or research nature. There are also a number of specialized
problems that pertain only to the military sector. These latter problems are
essentially beyond the scope of the present discussion and are therefore only
briefly referred to for completeness. Some potential model uses falling uander
the three aain categories are listed below.

2.1 GENERAL RESEARCH PROBLEMS

Investigation of potential health and environmental {impacts of
pollutant emissions from various source types (receant interest has focused on
photochemically resctive, odor causing, and hazardous airborne gases and
aerosols). Some possible model uses are:

e An aid to assessing the nature and spatial extent of a
particular impact or haszard.

e An aid to air-quality and esmission data analysis and
disgnosis of emission-inventory ercrors and deficiencies.

o Delinestion of physical and/or chemical effects when
complex sixtures of phenomens are involved.

¢ Development or refinement of specisl dispersion algorithms
or submodels.




Development and testing of simplified or "field” models.
Ideatification of emission or air-quality “hot spots.”

Ald 1n design of field tests or experimeats (e.g.,
monitoring~instrument deployment).

2.2 GENERAL REGULATORY-RELATED PROBLEMS

Aid ia performing regulatory—-impact analyses.

Deteraination of need for and efficacy of emission reduc-
tiouns.

Evalustion of emission-control strategies.

Preparation of preconstruction environmental impact state-
msats (EISs) for new aircraft facilities or major
nodifications to existing facilities.

Screening to separate cases that are not problems from
those requiring wmore detailed treatment.

Testing for compliance with local, state, and federal
regulations (e.g., national ambient air quality standacds
[NAAQSs ), SIPs, and prevention of significant deterforatfon
{PSD] regulations).

Calculations related to legal actions, citizen complaints,
etc.

Analysis of fmplications of proposed new regulations for
aircraft operations, fuel use, engine design, thrust
settings, etc.

2,3 SPRCIALIZED MILITARY APPLICATIONS

o Investigstions of dispersion of gases and aserosols of

military isportance, including obecurants, sprays, etc., in
both terrestrial and maritise environasnts.

o Investigstions of aircraft-plums dispersion in relation to
datection using electro-optical sensors.




Investigation of the dispersion of effluents from routine
operations at rocket-launch, rocket-sled, and engine test
facilities.

Investigation of accident scenarios.

Evacuation-corridor or hazard-~zone prediction.
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3 TECHNICAL REQUIREMENTS FOR MODELS

In view of the substantislly differeat techmicsl requirements for
emission-rate and atmospheric-concentration computations, it is worthwhile to
exanine these requiremsnts separately.

3.1 SOURCE-EMISSION-INVENTORY COMPUTATION REQUIREBMENTS

The compilation of & source emission inventory tends to be straight-
" forward but msnpover intensive. The amount of msnpower required is
essentially divectly proportional to the number of sources to be considered.
Por each individusl source, the emission rate is generally the product of an
appropriate emission factor (expressed in terms of mass of emissions per unit
time per uait of eource activity) and a measure of source activity. For
autosobiles, the unit of activity is vehicle siles (number of vehicles times
nusber of miles traveled by each wehicle). For a single aircraft, the unit of
activity is fuel flow rate st a particular thrust setting. In an airport or
air bsse, sircraft activity generally refsrs to the number of aircraft of a
given type iIn a given mode of operation (i.e., having a given thrust
secting). In practice, because the emission factors for each pollutant depend
on the psrticular type of source ss well as on its mode of operation and fuel
type, the emission rate calculations can becoms far too time-~consuming and
tedious to be performed by hand, especially when the source inventory is
large. Furthersore, 1f & large number of tedious hand calculations are
required, the chances of making errors are large and the effort required to
check for and correct such errors is aslmost as laborious as the original hand
calculations themselves. Bence, except in ceses where only one or two
isolated sources are being considered or where only net changes in total
emiseions due to a few changes in selected sources are being considered, it is
highly desiradble to have a source-emission—inveantory computer model. The
principal technical features required of such s wodel are listed below.

1. Up~-to~date emission factors for all the criteria
pollutants should be included for all of the sources

4 likely to be encountered at an asircraft facility. These

- enission factors should preferably be based on actusl

4 source-emission wmesasurements or, less prefersdly, om

Cod engineering estimates, and should be adjustable but
P . protected fros insdvertest adjustmeat by genersl wsers.

2. BRmiseion rates for each source type should be calculated
and stored on an hourly besis for subsegueat processing or
for use by dispersion models.
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It may also be desirable, strictly for accounting pur-
poses, to compute emissions on an annual or other long-
term basis. For such purposes, landing and takeoff (LTO)-
cycle-type emission factors should be employed.

Por purposes of providing input data for dispersion calcu~-
lations, it 1s necessary to provide hourly emissions for
each physical source according to the source geometry
(point, line, areas).

Since ecivilisn and wilitery facilities use different
operating procedures and service different aircraft types,
it 1is probably most efficient to have separate but
similarly structured emission models for the two types of
facilities.

In view of the fact that, in some cases, pollutaant concen-
trations may not be required and in order to reduce the
overall cowputer requirements, it would be best to keep
the emission models separate from the dispersion models.

Provisions should be available for the user to include
treatment of afrcraft, aircraft support or service
equipment, access vehicles, and other facility wobile and
stationary sources. The user should have the option to
ignore sny combination of these source types.

The spatial resolution requirement of source-emission
i{nventories depends on whether dispersion calculations are
required. For emission calculations only, the spatial-
resolution requirements are generally winimsl or
nonexistent. For dispersion calculations, especially of
the Gaussiasn-wodel type, the spatial resolution must be
increased as the source-receptor distances of {interest
decresse. Generally, since public access 1is limited to
certain areas of the afirport, the spatial resolution
requirsment is not the same for all sources.

Airborne aireraft sources are generally vegarded as
insignificant compared to ground-based aircraft sources
for ground-level pollutant concentrations. However, for
purposes of source-emission-inventory completensss, or to
test the significance of such sources, the user should be
provided with the option of fncluding or oaitting them.
In either cass, the spatisl-resolution requirement for
such sources is not high. (See Sec. 10.3.)
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10. lnclusion of evaporstive ononmsthane hydrocarbons (MEIC)
sources should bs optiomal. The spatial-resolution
requirement for such sources {s wminimsl. This follows
for two reasons. First, these sources generally
contribute only a emall fractioa of the total MMHC
eunissions from all sources (see Sec. 10.5). Second, the
NMHC pollutant category 1is not goveraed by & health-
related ambient-air quality standard and therefore does
not require detailed source-receptor dispersioa-model
calculations. On the other hand, for purposes of
eaission-inventory completensss, or to assess their
potential for coatribduting to photochemsical smog, their
inclusion may be warraated.

In addition to the above features, there sre a aumber of other features
that are required by an emission model 1if 1its outputs are to serve as faputs
to other computer codes. Four types of codes that are of special interest
are:

e Display codes that generate specisl forms of graphicel and
tabulated data.

e Statfstical analysis packages.

e Source-orieated atmospheric-pollutaant coancentration models
(1including Gaussian-plume models).

o Grid or cell-typs pollutant conceatration models.
Special features that may be requirsad by these codes are:

1. Detsiled individusl source descriptions, including source
location and geomstry. Such descriptions are required for
source—orieated dispereion wodels, euch ss the Gsussian-
plume-type wmodels, 1if source effects on atwospheric
diepersion sust be taken into account (see Sec. 3.2.4).
Por such models it is convenisnt to seperate the source
govastries 1nto potinte, lines, and aress. It 1s also
nscesesry to provide the information needed to cowpute
plums rise, if any, and imitial plume eise.

2. Times~dependence of eource activity and eaisstion rates.
Bourly averages are adequate for most purposes.

3. Gridded enmission rates (aggregated, for ezample, to
wnifors 1 ka | ke grid cells). These are required for
grid or cell concentration models weed, for ensmple, for
soms photochesical~essog simulations. Oridded enission
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rates may also be required for some types of display
packages (e.g., contour-plotting packages).

Finally, it is important to recognize that emission rates for non-
routine pollutants msy be required for sepecial purposes. A few of these
purposes and their requirements are described below.

1. Calculation of WO and noz concentrations requires separste
euission rates for MO and NO;, in contrast to the routine
reporting of nox emission factors (NO + NO,).

2. Calculation of photochemical-smog products requires
separation of hydrocarbon emissions into several separate
classes of cowpounds. The particular classification
schems to be used has not been uniquely defined as yet.

3. Calculation of visibility effects and odors requires
estisates of emissions of selected gas and condensed-phase
pollutants. The specific effluents of grestest concern
have not been fully identified as yet.

4, Calculations of concentrations of epecial cheaical
aerosols of military or agricultural importance would also
require appropriaste emission rates but are best handled by
special-purpose hand calculations rather than by genersl
eaission wmodels.

3.2 AIR-QUALITY OR POLLUTANT-CONCENTRATION MODEL REQUIREMENTS

The second step in a detailed air-quality analysis, after the compila-
tion of an emission inventory, is cosputation of pollutant conceatrations for
comparison with NAAQSs or other msasures of significance. Because of the
complexity of most problems, one or more computer models are usually required
to perfora these calculatiocns. Although the tera “dispersion wmodels™ has
often been used to refer to such models, it is somewhat of s misnomer, since
other phenomsnas besides atwoepheric dispersion must often be considered in the
calculation of atmospheric-pollutant concentrations. Hence, a wore
appropriste term would be sir~quality or pollutaat-conceatration models. The
specific type of air-quality model rvequired by civilian sad wilitary users
depends largely on the nature of the application, rather than on the user per
se. Several gsnersl festures of applications that determine the corresponding
modeling requirements are described bdelow.

3.2.1 level of Deteil

The main iseue regarding the level of detail required of a particular
application is whether a ecreening or a detailed air-quality wodeling
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calculation {s required. For regulatory applicetions, it is often useful to
determine whether or not a poteatial problem exists. This cen be done through
application of a conservative screening procedure. If a potentisl problea
does exist, then a more detailed analysis may be required.

The main requirement for a screening procedure, sside froam ease of use,
{s that it be conservative. That is, it must provide aen upper bound to the
magnitude of the emission rates and/or atmospheric concentrations. The closer
this conservative upper bound is to the expected maximum value, the better.
However, caution 1s always required in applying screening tools, since they
may be overly conservative, in which case a need for wore detailed analysis
may be indicated more often than is really necessary. On the other hand,
because of the inherent simplicity of screening procedures, they msy fail to
treat those aspects of a particular problem that are wost important. The
applicability of screening procedures and the interpretation of the results
should always be subjected to expert review.

Another issue of importance is whether it 1is necessary to treat indi-
vidual sources in detall or whether it {is satisfactory to aggregate source
emissions up to some less-detailed level. Generally, the level of detail
required for the treatmsnt of source configurations 1is determined by the
relevant source-receptor distances. If these distances are relatively large
compared with the intersource separation distances of comparable sources, the
sources cau be aggregated. However, if one is {faterested in studying the
coatridutione of selected source types, or if adjacent sources have physically
different characteristics, then individual source treatmesnt w=may still be
required.

3.2.2 Temporal and Spatial Scales

The temporal- and spatisl-scale combioations pertinent to four generasl
types of applications are displayed in Table L. Note that the NAAQS-related
spplications involve hourly to snnual aversging times. In spite of the fact
that the shortest averaging time for NAAQSs is ome hour, it 1is faeportaant to
realisze that for soms substances astmospheric concentrations ate goveraed by
phenomans having such shorter characteristic times. For example, N0 fateracts
within seconds to fors NO; in the presence of ambient levels of 0y. Hence,
simulstion tiss scales that must be trested in s model may differ from the
required output time scales and depend largely on the characteristics of the
air-quality variabdles of conceran.

Spatial scales are not epecified in the WAAQSs, but it is unlikely that
the public would routimely be closer them a few hundred msters to military or
civilian aircraft sctivity. lHeance, the near—field, source-dominmated turbu-
lencs sone is ususlly not subject to the RAAQSs. However, this zone may be
subject to occupational heslth and safety standards. At the other end of the
spetial scales are the long-rsnge trsasport processes, iuncluding global-scale
processes. It is unlikely that aircraft operstioms will contribute signifi-
cently to grownd-level conceatrstiens om scales grester than tems of
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Table | Temporal- and Spatial-Scale Combinations
Relevant to Afr-Quality Probleme®

Spatial Scales

Up to 10s to 1008 of Up to
Temporal Scales 108 of 100s of Meters 1008 of Global
(averaging time) Meters® Meters® to 10 kad Kilometers Scale
Fraction of an 1,3,4 1,3,4 1,4 0 0
hour or
continuous
1 Hour 1,3,4 1,2,3,4 1,2,4 1 0
(AVAP?, AQAM?)  (AVAP, AQAM)
3-24 Hours 1,3,4 1,2,3,4 1,2,4 1 0
(AVAP?, AQAM?) (AVAP, AQAM)
1 Month to | 1,3 1,2,3 1,2,4 1 1
Year or More (AQAM?) (AQAM)

SProblem~type code:
0 Not applicable
Research

Regulatory -- NAAQS

& W N

Special military.

Regulatory -~ Occupational Safety and Health Administration (OSHA)

bThc region in which source characteristics significantly affect or dominate

dfiepersion.

The transition region in which smbient stmosphere plays an increasingly

important role in dispersion but in which single events or sources remain

distinguishable.

dThc airport or air-base vicinity (urban scale) in which multisource
contributions dominate.




13

kilomsters except in special cases. One special case of considerable concern
over the past decade has been the NO,  contributions of high-flying aircraft to
upper tropospheric and lower stratospheric phenomena. These spplications are
beyond the scope of the present report.

Table | also shows which scale combinations are applicable to the AVAP
model and AQAM. The entries with question marks mean the applicability of the
models is not certain.

3.2.3 Source Configuration

Source configuration refers both to the spatisl distribution of the
sources of {nterest relative to the receptors and to the geometry of
individual sources. The spatial distribution and number of sources 1s
fmportant for several reasons. First, if the nuaber of sources {s large,
machine~oriented computational procedures are slmost certainly required to
reduce the tediua involved and to reduce the likelihood of making errors.
Second, the distribution of source types determines, to a large extent,
whether source-by-source or aggregated source analysis 1s needed. In
addition, 1in cases where eaissions from adjacent sources tend to overlap
(e.g., overlapping aircraft plumes), it may be necessary to investigate the
consequences of that overlapping in detail. If the pollutant of interest is
relatively inert, the overlapping can be handled by a simple superposition of
coatributions froa individual sources. However, if the emissions are
reactive, then the simple superposition principle may not apply and some
alternative to the simple addition of single-source contributions may be
called for.

Sources are generally divided by geometry into line sources, point
sources, and ares or volume sources. Line sources are complicated by the fact
that thelir orientation relative to wind direction and ground level must be
taken fato account. In addition, 1f a line-source geomstry 1is chosen to
represent s ruaway, then, since the aircraft operating on the runway move at
nonunifors speeds, the eaission density along the line source will bde
correspondingly nonunifors.

In view of the importance of line-source geomstries for simulating
aircraft operations, the greatest attention to detail and accuracy is required
of line-source pollution-coacentration models. However, in the case of
routine afir-quality problems, it hes been demonstrated that for ground-level
coacentrations, airborne aircraft esissious are not very importaat. Hence, it
f{s aot ascessary to provide detsiled model treatments of elevated-aircraft
line sources. (See Sec. 10.3.)

Tinally, as noted earlier, spstial-scale snd source coafigurstion are
closely linked. As the spatial scale is increased, less attention to details
of the source coanfiguratios is required. This suggeste that, since MAAQSe
gensrally apply only to locations well removed from sircrsft, ome caa avoid
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detailed treatments of aircraft plums dynsaics for such regulatory aspplica-
tions. This is a dangerous sssumption, since for some cases such phenomena as
inittial plume dispersion, plume rise, and enhanced wvertical pluas dispersion
can have significant impact on downwind conceantrations. It is therefore
important to carefully examine the 1level of treatmsent of plume dynaaics
required before proceeding with s particular application. Theoretical
investigations, including seansitivity tests with more sophisticated wmodels,
are perhaps the only sound ways to provide guidance on this issue.

3.2.4 Source Effects

Applications requiring deta on atmospheric concentrations near sources
require that sodels provide reasonsble treatment of source effects such as:

e Building and stack downwash and wake effects.

e Afrcraft and asircraft-engine-generated turbulent wake
effects.

e Pluse rise and enhanced vertical dispersion.
Such effects influence both the plume trajectory aad its 1iaitial

dispersion, and therefore significantly affect the near-field concestratioas.

3.2.5 Pollutant Characteristics

The following pollutaat characteristics play s doainant role 1in
determining the sodeling requiremsnts for a particular application:

1. Pollutant-resctivity time scale relative to the tims scale
of the prodlem (e.g., hourly sverage coscestration).

2. Primary vs. secondary pollutants.
3. Phase (gas, liquid or eolid asrosol).
4. Muoyancy.

Pollutants that sre exitted directly imto the atasephere free sewrces
are called prissry polletants. Soms pollutasts, such a8 CH, or memresctive
hydrocarbons, are relatively inert over time ecales of heurs, while others,
such as CO, are relatively inert over tims scales of days; WO, en ths other
hand, tescts on the time scale of seconds with backgrowad csoas. In cases in
which travel timse are shott compared with reaction timee and cenceatration
aversging times sre oo move than one howr, s musber of pellutsate, imcluding
C0, CH,, noursactive hydrocarbons (and soms moderstely resctive hydrocarboms),
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80,, and NO_ (NO + NO;) can be treated as though they were finert.
Consequently, they can be handled with noanreactive pollutant conceantrstion
models.

Secondary pollutsnts, such as NO, (some NO; is also primsry), fine-
particle aerosols, some photochemical-ssog compounds, and ozone are produced
from interactions between primary pollutants (gases and vapors) and background
atwospheric constituents. Since their formation time scales vary from
seconds, for Noz coaversion from NO in the presence of ozone, to aa hour or
sore, for the formation of photochemical-smog constituents, and hours to days
for formation of sulfate aerosols, the modeling requirements depend quite
strongly on the partficular pollutant of {anterest. Whereas the NO to noz
conversion process can occur within an individual iircraft plume, msny of the
photochemical-smog-formation processes and aerosol-foraing processes occur
long after the {ndividual plumes have merged with each other aad with
background pollutants. Hence, photochemical-ssog models are generally
required to operate over urban to interurban spatial scales, while sulfate
sodels favolve long-range transport over hundreds to thousands of kilometers.

The pollutant‘’s phase, that is, whether {t is & gas or condensed liquid
droplet or solid particle, affects the pollutant transport in the atsosphere
and its rate of deposition onto surfaces. Whereas particles with diameters in
excess of 10 uys tend to be removed rather rapidly due to gravitational
settling, those with disseters less than 1 ym are deposited out only very
slowly. In addition, many pollutants can undergo phase changes over periods
ranging from minutes to hours, depending upon the pollutant species involved
and the concentrations. These phase changes affect not only the subsequent
dispersion but other properties that may be of concern.

The buoyancy of s pollutant plume released into the atmosphere can be
positive, neutral, or negative. Positively buoyant pollutant plumes rise in
the atmosphere until they reach thersodynamic equilibrium with the surrounding
sir. Thereafter they are dispersed by smbient turbulence and wind. Afircreft
exhsust pluses are positively buoyant, but are mixed with substantial engine-
sod sircraft-wake-generated turbulence. This “internal” turbulence dominates
the nesr-field dispersion until it is quenched by eatrainment of background~
dominsted turbulemt air. Neutrally buoyant plumes are produced by sources
that emit pollutsats near ambient temperature and density. Negatively buoyant
plumss can result from evaporstion of cryogeaic 1liquids, or from highly
conceutrated emissions of pollutants having wolecular weights greater than
that of air, or from special conditions involving gas-serosol phase equilidria
(a0 1a the case of ammonia). Negatively buoyant plumes often pose special
hasards becsuse bhigher-than-normal coaceantrations can persist near ground
level for lomger periods because of the auppression of the dilution that would
occur in neutral or positivaly buoyant situations. Special atteation to
source conditions s required to determine whether or not negatively buoyant
coaditions apply.

s kS 8 o IR L,
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Commercial aircraft sources are unlikely to yield negatively buoyant
plumes. However, hypergolic fuels are sowmetimes carried by militsry aircraft
and are often stored and transported in military facilities and are subject to
accidental relesses. Trestment of negative buoyancy effects is beyond the
scope of the present study.

3.2.6 Adr—Quality Variadles

The type of air-quality model and its specially required features
depend cn which air-quality varisble the particular aspplication cslls for.
Some 4pplicstions require conceatrations of primary pollutants and others msy
be concerned with secondary pollutants or derived quantities. Since
secondary-pollutant concentrations depend upon one or wore conversion
processes, their simulation can bde quite difficult. Derived quantities
represent a third class of air-quality variables of concern in some applice-
tions. These quantities ars generally properties of primary or secondary
pollutaats. Exssples are atmospheric extinction or related quantities
(visibilicy, obecuratfion), zones of flammability or detonability, odor levels,
etc. Since these properties do not themselves control the pollutaant concen-
tration, they can be dealt with by algorithms appeunded onto pollutant
concentration models. Hence, applications calling for derived quantities
requive a pollutant conceantration model plus an appropriaste algoritha to yield
the required property of interest in the application.

3.2.7 Terrain Characteristics

Most air-quality wmodels work best for relatively flat, unifors
terrain. Flow patterns in complex nstursl terrains, shoreline environmeats,
and around msn-made structures genarally camnot be accurstely simulated with
simple pollutant concentration wmodels. Special flow wodels are usually
required for such applications. Fortunately, however, moet civiliaan and
ailitery aspplications are confined to relatively simple terrain coaditions.
Two exceptions are worth noting: firet, on a smsll spatial scale, local wake
effects duse to the source structures themselves or to nearby structures can
lead to significant chenges in wind flow and in conceatration patterns. For
applications requiring pollutant concentrations that are 1likely to be
influenced by wskes from structures, field msasuremsats or parasetrizations
based on phyeical modeling are woet desirable. Pollutant conceatration models
should include paramstrisations to handle such cases. Secoad, ou & larger
spatial ecale, shoreline eavironments cesn exhibit epecial transport and
dispersion conditions. la mauy cases such locations are asssociated with
periodic recirculation pstternas resulting fa pollutant sccumulation over e
seversi~day period, ss in the Los Angeles Besin. lo additioa, marine
ifaversions cen result in fairly shallow mixed layers and highsr-than-expeacted
inland pollutant conceatrations. The recirculation problem cammot be dealt
vith using simplified models. The effects of shallovw mined layers cen be
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effectively handled wusing simplified models provided that an adequate
description of the particular region of interest is available and meteoro-
logical dasta sufficient to characterize typical and worst-case conditions can
be obtained. Careful accounting of the diurnal pattern of the shoreline
meteorology is ususlly required. In some cases it is possible to simulate the
shoreline meteorology itself, although this type of sisulation is generally
beyond the scope of the usual pollutant conceatration models.

3.3 METEOROLOGICAL REQUIREMENTS

Computation of atmospheric concentrations requires meteorological data
either on a short-term (generally hourly) or on a long-term statistical
basis. Typical short-term data required by source-oriented models include
vind speed, wind direction, depth of the mixed layer, and some aeasure of the
turbulent properties of the atmosphere, such as the Pasquill-Gifford-Turner
(PGT) stability class. For the simpler models, one representative
meteorological monitoring statfon is required. This assumes that the region
of model application is fairly uniform with respect to terrain features and
surface roughness.

Several points are worth noting. Pirst, even in cases where only
soderate variastions in terrain exist, the near-surface wind field can depart
significantly from spatial uniformity. Second, the original PGT atmospheric-
stability classification scheme has been under nvlsvsfor a number of years,
and the American Meteorological Society (AMS),“’ in particular, has
recommended some alternative schemes that require additional meteorological
data. In cases where the additionsl data are not avsilable, calculational
procedures based on theorctic:l considerations and meteorological field
experiments have been proposed. This second alternative is, unfortunately,
not guaranteed to produce more satisfactory results than the original
scheme. (This latter point has not been adequately addressed in the
literature.)

Third, estimates of the depth of the mixed layer are often not readily
available to model users. Provided that the transport distances, or spatial
scale, of the spplication are not more than a few kilometers, the depth of the
mixed lasyer is not too critical unless it is relatively small, say s few
hundred msters or less. Unfortunately, such low mixing depths can occur near
shoreline environments and cen often occur in other environments for periods
of one or more hours in the morning and sometimes for wore extended periods
during the avening end nighttime hours under the influence of urban heat-
island effects. Consequently, for worst—case calculations, it is fmportant to
obtain at least reasonably good representative estimates of the nixed-layer
depth as s function of time of day.




18

4 OPERATIONAL REQUIREMENTS FOR MODELS

Operational requirements placed on computational procedures for
estimating emissions and atsospheric concentrations include wusability,
compatibility with available computer hardware, and docusentation. Of these
three, usability has come to be recognized as a requirement of parasount
importance. Users, of course, prefer to work with sisple models that do not
require extensive familisrity with technical detail or manpower-intensive data
compllatfons. At the same time, it i3 recognized by users that the nature and
technical characteristics of atr-quality-related problems cover a fairly broad
spectrum. Hence, flexibility is also an important requirement of a model.

The rapid growth in the use of desk-top terminals together with
sinicomputers or microcomputers has led to the need for highly efficient
cowputer software that requires litcle central processing umit (CPU) time and
core storage. This requirement {s generally faconsistent with large, complex,
flexible computer codes unless those codes can be redesigned in a& modular
format.

Another aspect of ussbility is the choice of interactive- or batch-mode
operation. In the fnteractive mode, the user sits st a coamputer terminal aand
responds to a series of questions or prompts {issued by a user-interactive
computer program. The user's responses provide the 1inputs needed by the
program to perform the computation. In the batch mode, the user prepares a
deck of cards or a computer file containing all the necessary input data.
This preparation 1s generally done by following a series of directions
provided by a user's manual. Once the input file 1is completed, the user
submits & job that requires the computer program to read in the {input
faformation and perforas the calculation. The process of submitting a job
involves reading the deck of cards into the computer or keying in a brief set
of instructions via a computer terminal.

From the point of view of the user, the interactive mode 1is often
preferred. This is especially true for users having little or no familiarity
with the cosputer progras. Beginning users tend to be intimidated by user's
sanuals thet require detailed study prior to using the computer progras. In
the interactive mode, the uninitiated user can often begin “playing”™ with the
computer program with little or no preliminary study of documeants. However,
for serious computations the differences in effort required may turn out to be
quite smsll.

The disadvantages of the interactive mode are that the user-interactive
program must, of necessity, contain subetantially more programming instruc-
tions than a progras writtea for batch-mode operation. This wmsans more core
stocage and longer ruaning time. In addition, in order to remain within the
limitations of particular computer inetsllations, it may be necessary to liait
the nusber of options available to the user and therefore limit the
flexibility end degree of sophistication of the main computational parte of




— o L.

TSP T
P Wt o

T R e
¥ e el

19

the computer program. Furthermore, for large problems, it may prove tiresose
to remain at a computer terainal for long sessions using the iateractive mode
and preparing long streams of input information.

One way to avoid long interactive terminal sessions is to use input-
file editors. These are programs that permit the user to modify existing
large input data sets without having to redevelop the data sets from scratch.

The problems of limited core storage and run time, as well as the
problea of limited options or flexibility, can bs overcome by designing mixed-
mode computer programs that can be executed in parts. Por example, it may be
desirable to divide a computer program into two or more components. The first
component, which takes in and organizes the input data, could be operated in
the {nteractive mode, and the second part, which contains the mata computa-
tional algorithms, could be designed for operation in the batch mode. In
addition, for 1increased convenience
the first part could be supplemented

with an editor program that could be Interactive-Mode Input Subprogram
used to make wodifications to existing
large sets of input data. The overall i

structure of such a package of
computer program components would look
something like the wmacro flowchart {
shown in Fig. 1. Note that in this
flowchart an additional component for

Input File

Input-File Fditor

creating various output displays 1is (Interactive Mode)
also {llustrated. For 1increased

flexibility or to accommodate varying ‘
technical requirements of different Modified Input File
applications, several alternative

computational program components could j

be eudbstituted, provided that their

input and output structures were Batch~-Mode Computstional Programs

compatidle with the other prograa ‘
components.
Output File

A final operational requiremsent
for a computstional system 1is good r
documentation. Generally, the
documentation should consist of the Output Display-Options Program
following parts: f

1. A description of the Tabulations, Computer Graphics, etc.

ifntended uses of the
program. Mg. 1 Macro Flowchart of
& Mized-Mode Computer
Prograa




3.

4.

5.
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A technical description of the equations and algorithms
used and a tabulation of the important parassters and
constants.

A description of the computer programs, including a mscro
flowchart and descriptions of all subroutines; possibly
also detailed flowcharts and/or prograa listings.

A detailed user's manual that 1includes guidance 1in
selection of various options, if there are any.

An example problea that can serve as a guide to the user
as well as & bdenchmark for comsparison with results
obtained by the user on his own computer facilitties.




+ o —— p—— -

21

5 SI'MMARY AND FVALUATTON OF THE AVAP COMPUTFER MODFL

The two main models develoned specifically for militarv and civilfan
air~quality oprohlems {nvolving afrcraft are the AOAM and the AVAP model,
respectively. These models were originallv developed in the early 1970s and
have suhsequently undergone various mod{fications, refinements, and updates.
In Secs. 5 and 6, the AVAP model and AOAM, along with thetr various modified
versions, will he digcussed {n detail. Their intended uses and streamths, as
well as their lim{tations and weaknesses, will he descrihed. Cosvarisons will
he made in Sec. 7, and the hest features of each model! will he fndicated for
noasible future tncorvoration into a proposed joint civilian/milftary modeling
package (see Sec. 9).

5.1 THF. AVAP MODEL

The AVAP model was orfginally intended for evaluating the afr-aualftv
impacts of large civilian airvorts. The overall structure of the model is
{1lustrated in the macro flowchart shown in Fig. 2, All of the components
{1lustrated in this chart are contained in a single computer nroeram composed
of a numher of suhroutines and a matin driver. Roth the emission—inventorv and
dispersion algorithms are contained in this package and are executed tomether
in the hatch mode. The outputs can he generated in printed formats or nunched
cards or stored on magnetic tane for future use. The user can choose anvy
configuration of atrport he wishes, fncluding several runways and associated
taxivavs, gate areas, etc. In addttfon he can define alrcraft, atrvort- _
nonalircraft, and environ sources, and can designate anv of these as point, i
1ine, or area sources. The 1ine sources can have arhitrarv lengths and -
orfentationa in three dimensions. The model 18 designed to compute emissions ;
and atmospheric concentrations of relatively inert pollutanta on an hour-hy- 3

Y hour hasis In 24-hr cvcles. The model was not designed to compute long-term
;‘ averages. However, long~term averages can he computed bv comhining the
o hourlv-average values efther {n sequence or in some statistical fashion.

A uniform receptor grid and/or a set of specially located receptors can

he defined hy the user. To allow the model to he applied to an arhitrary :
runway configuration, the user {s asked to specify runway operations in terms
of four 90° wind quadrants. These auadrants can he arhitrarily orfented, hut 4

' the user must define the wind-gquadrant orientation angle that measures the 4
i orientation relative to geographic north. (This angle should he hetweea 0° ‘
o and 90°.) Then, for each of these four wind quadrants, the user wust ;
allocate, for each class of afrcraft, the runwavs that are avaflahle for 3
R arrivals or departures. This user-sunpifed {nformatfon allows the comouter

"" model to determine which runwavs are heing used during each hourly set of
4 meteorological conditions for each alrcraft class.
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The simulation of both airborne and ground-based aircraft operations {s
based on an aircraft classification scheme that 1is described in the user's
manual. This scheme can be altered by the user, provided the alterations are
done in a self-consistent manner. The classification scheme 1s described in
the next several paragraphs.

Each aircraft type, such as a B727 or DCI1O, is assigned a "Type Index”
value. The arrival rate is given by the user in terss of the number of
arrivals of each aircraft type per hour to the airport. Service-vehicle types
and their operating times are also given in terms of the aircraft “Type
Index.” To each aircraft type is assigned four additional indices: Afircraft
Class, Aircraft Range, Number of Engines, and Engine Type.

The Afrcraft Class Index is used by the computer model, together with
the hourly wind direction, to assign takeoff and landing runways and outbound
and inbound taxiways. Runway availability is specified, as already mentioned,
by the user input data in terms of four wind quadrants and aircraft class.
(Taxiway availability is determined by runway and airline or gate position.)

The Aircraft Range lndex 1s used to assign certain aircraft operational
parameters, including taxi{ speed and times-in-wmode. The numbers and types of
engines are used to assign pollutant emission factors. An example of the
classification_scheme, which was used in the example problea in the AVAP
user's manual,” is shown in Table 2.

The airborne operations simulated in the model include one approach
path (defined by the user) and one or two departure paths (defined by the
user) for each runway. These airborne optional paths are not Aircraft-Class
dependent except to the extent that the runways themselves are Aircraft-Class
dependent.

One diurnal aircraft arrival pattern is provided by the user for each
aircraft type. To simplify the amount of input data required, the model
applies the same pattern to all airlines ewploying a given aircraft type.

5.2 EXISTING VERSIONS OF AVAP

The original version of the AVAP model is from circa 1973. It has been
published by National Technical Information Service (NT1S), is availadle o
magnetic tape, and has 5808 well documented vlt? both technical reports, '
validation study reports, ' and a user's manual.” The user's manual contains
benchmark runs and an example application to Washington National Airport (DCA)
to help aid the user. The source-emission factors and source—activity
algorithes were developed from published dats and airport observations dating
from 1969 to 1973. The aircraft types treated in the model have not changed
appreciably from the NTIS publication (which appeared fa 1975-1976) to present
times.
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Table 2 Afrcraft Classification Scheme Used in the
Example Problem in the AVAP User's Guide

Adrcraft Afrcraft Alrcraft Alrcraft Engines per Engine Engine
Type Model Class Range Alrcraft Type Model®
| Boeing 727 4 3 3 3 Jr8d
2 Douglas DC9 ) 3 3 3 JT8D
3 Boeing 737 4 3 3 4 JT8D
4 Convair 580 5 3 2 5 A-501-D13
) BAC 111 7 3 2 6 Spey-511
6 NAMOO YSII 5 3 2 5 A-501-D13
7 Beech 99 6 4 2 4 TPEI31
8 Fatrchtld 5 3 2 5 A~501-331
ri-227
9 Twin Otter ] 4 2 4 TPE3I3)
10 Piston 9 ) 2 7 #-320
Engine

®Atrcrafe engine wodels for which a0 emissions data are availadle are ceplaced
by models having similar characteristics.

A stapliffed wversion of AVAP that will be referred to as the
“abbrevisted version” (circa 1975) was developed a8 an slternative to the full
AVAP wmodel for screeaing applications. While the dispersion algorithms
reasined virtually unchanged, the input structure was considerably wodified,
and far fewer options were made available to the user. The adbrevisted
version 1is wuch eestier to use, since wmost of the decisicas have Dbdeen
“iaternslized.” Only one runway-taxivay-terminal ares coafiguration is avatl-
able, and a0 sources outside the airport (emviron sources) are peraitted. The
wode]l computer code is available through sho VAA and has been documented with
8 detailed but unpudlished user's -mol.l

An uwpdated wersion of the origimal, or NTIS-published, version of the
AVAP medel wes prepared and applied to the sssessment of sir-quality impacts
ot four mjor U.8. airperts arcund 1900. This warsioa, which will be referred
te as the “wpdated versien,” has aet bheen feraslly pubdlished or exteansiwely
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documented. However, a description of the model, aloag with the results of
the air-qnnlisy assessment mentioned asbove, has bdeen reported 1in three
documents. The updated version coatains updstes to both the emission and
dispersion algorithass. The updates are based on new emission-factor data
published by the Eavironsental Protection Agency (EPA), observations of
aircraft operations at several msjor airports, and field progrsme involving
seteorological and air-quality observations at Dulles International Airport
and Washington National Airport.

5.3 COMPARISONS AMONG AVAP VERSIONS

For convenience, the three wversions of AVAP mentioned above will be
designated as follows:

Version 1l: Original NTIS version, circa 1973
Version 2: Abbreviated version, circa 1975

Version 3: Updated version, circa 1980

Comparisons can be conveniently mede in the categories of overall
structure, {input structure and user options, emission paraseters, dispersion
algorithms, output, and documentation.

5.3.1 Overall Structure

The three versions all contain both the eaission and dispersion
algorithms and are operated in the batch mode.

5.3.2 lnput Structure and User Options

The f{aput structures of the three versions are different. Versions 1
and 3 are quite similar except for one important difference. Whereas Version
1 requires only the arrival rates as input, Version 3 also requires the
departure rates as input. Version 1 incorporates an empirical algorithm that
takes into account aircraft turnaround tims and overnight parking to calculate
departure rates. This procedure was followed bacsuse, at the time of program
development, only arrival times of aircraft were resadily available from the
commrcial airline guide. Bacsuse of the influence of overaight aircraft
parking, Version | parforms cslculations in 24-hr cycles (as wany as the user
chooses). Version 3, on the other hand, mskes use of both user-supplied
arrival data and departure dats available from wmore recent Lssues of the
commercial airline guide. Hence, Version ) can bs operated on an hour-by-hour
basis. Also, Version 3 contains updsted emission factors and updated times-
fa~mode for afircraft sources. Thess updstes do not, however, constitute
changss in input structure, marely changes in input paramster veluese.

.
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Version 2 requires only arrival rates as inputs, but it assumes that
the number of arrivals during a given hour equals the number of departures.
Version 2 performs only one one-hour computation at a time. Version 2 also
differs from Version | in a number of other significant ways. Whereas Version
] permits the user to specify a great variety of aircraft, airpurt-
nonaircraft, and environ sources with point, line, and area geometries, the
choices permitted by Version 2 are very limited. In Version 2 the user can
use at most one runway, one inbound apron, one inbound taxiwvay, one outbound
taxiway, one outbound apron, up to 60 access-vehicle straight-line roadway
segments, one afrcraft area source, and one nonaircraft area source.

The alrcraft area source includes emissions from four source types:

1. Afrcraft ground-service vehicles.

2. Auxiliary power units (APU) on aircraft.

3. Alrcraft taxiing within the area.

4. Adrcraft engine idling within the area.
In addition, whereas in Version | the user wmust supply wost airport and
atrcraft source parameters, this burden is largely removed through the use of
default values provided in Version 2. The user has the option of overriding
up to 23 defaults simply by entering l's in the appropriate columns of a

default control card and then adding the necessary input cards containing his
own values.

5.3.3 Emission Parameters

The emission parameters for nonaircraft airport and eanviron source
types are identical for all three versions. (Version 2 does not treat eaviron
soutces.) The aircraft emission factors are the same in Versions 1 and 2 but
have been updated in Version 3 to 1977 values.

5.3.4 Dispersion Paramsters and Algorithms

The dispersion paramsters and algorithas in Versions 1 and 2 are
identical. There are saveral differences in Version 3. These are:

1. An empirical plumse-rise equation based on the Dulles 3~
Tower Pield Experiments was introduced into the taxi-idle
afrcraft mode.

2. fNew 1initial plume dimensions based on the Dulles and
Washington National experimsats were used.

—————y -
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3. Initial plume dimensions were 1incorporated 1into the
runway, taxiway, and apron line sources using the addition
of variance in lieu of the virtual-point-source method.
All other source types used the virtual-point-source
method.

4, Enhanced vertical dispersion due to plume rise was
incorporated i{nto the treatment of all sources.

5. Only downwind-distance-dependent vertical-dispersion pa-
rameters were used, in lieu of the maximum of the above
parameters and the time-dependent vertical-dispersion
parameters.

The model outputs were changed in Version 3 to provide additional
emission and concentration information. In addition, the output was modified
to insure compatibility with a contour-plotting package.

5.3.6 Documentation

Version 1 has technical documentation, model validation-study
documentation, and a user's manual, all published by FAA., Version 2 has only
an unpublished user's manual. Version 3 has supporting technical documenta-
tion but no formal model documentation or user's manual.

5.4 AVAP MODEL EVALUATION

5.4.1 Intended Uses and Strengths

Version | (original NTIS version) was intended to be used to assist in
(1) preparation of EISs for new construction, (2) modification of existing
sirports, and (3) evaluation of aslternative strategies for emission control.
Exsmples of changes in afirports that could be analyzed 1include fuel-use
changes, changes in the physical afirport layout (addittions of taxiways,
runways, access-vehicle rosdways, etc.), growth in operations, and eaviron
source changes, In Versfon 1, the user is provided with a great deal of
flexibility regarding his choice of airport operating parameters, emission
fsctors, snd trestment of source types in terms of points, lines, or areas.
Listings of parameter values are provided in tha user's manual, but the user
can use alternative values 1if he feels they are more suitable for his
particular application. However, regardless of whether or not he uses the
values listed in the user's msnual, the valuss hes uses must de entered lato
the computer.

T e
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In Version 2 (abdreviated version), most of the parameter values are
provided as automatic defaults that do not have to be entered by the user. If
the user wants to override these default values, then he must provide
additional input {information. Version 2, however, 1s intended only as a
screening tool to obtain a rough idea of the air-quality impacts that might
occur if all airport operations were confined to a simple configuration
consisting of only 1 runway and a few other distinct sources. Hence, Version
2 does not provide nearly as much flexidbility to the user as Version ! does.

All three versions of AVAP permit the user to readily update emission
parameters. Many of these parameters require periodic updating or adjustments
to account for facility-to-facility variations. All three versions are
designed for operation in batch mode and coambine emission and dispersion
calculations in a single computer code. Consequently, while they are not
“user~friendly” in the sense of an interactive code, they are more efficient
to operate, especially on large problems, and do not require the long terminal
sessions characteristic of large fateractive codes.

The Version 1 dispersion algorithms are designed to provide a somevhat
conservative estimate of relatively inert prisary-pollutant concentrations.
Pollutants such as S0,, CO, NOx, HC or NMHC, and total suspended particulate
(TSP) can be considered. No chemical or physical transformations are
considered, and no removal processes, such as wet or dry deposition or
gravitational settling, are accounted for.

The dispersion parameters correspond to greater dispersion rates than
those used in Turner's Workbook of Atmospheric Dispersion E'ctimtul because
they are adjusted for one-hour sampling times and urban dispersion
conditions. Comparisons indicate that they more closely represent field
obeervations. The absence in Versions | and 2 of any treatment of plume rise
or enhanced vertical dispersion from aircraft sources leads to overestimates
of concentrations near such sources. This problem is partially corrected in
Version 3, which does account for these effects for slow-moving aircraft. The
treatments of these effects in Version 3 is based on the Dulles J)-Tower Pield
Experiments.

The AVAP wmodel {ncorporates simple treatments of building and stack
downwash and wake cucﬁo snd afircraft wake and jet turbulence effects.
Briggs’' “rules-of-thumb” ~ are used to findicate when the building and stack
effects ave likely to occur, and such effects are expressed in terss of
reduced plume rise and/or enhanced initial plume dispersion. PFinite initial
pluas sizes are handled with the virtual-point-source method. Afrcraft jet-
wake and turbulence effects are similarly treated by eshanced 1anitisl plume
diepersion. The paramsters used for this puwu in Versioa 3 are bdased o0n
the Dulles end DCA Afrport Field Experimsats. No sttewpt is wade to treat
these complex phenomsns in detail in the nesr field. The model applies only
after the plumss becoms passive objects influesced by ambient stmospheric
turbuleace. Hence, the model should mot de wsed to estimste couceatrations
too close to large structures or asircraft.

s
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Complex terrain effects are ignored in AVAP., The use of this wodel in
valley situations or near shorelines 1is not advised unless the effects of
these features are well known. The models are applicable to nearly flat
regions on the order of 10~20 km on a side.

Since sll versions assume steady~state conditions, that {s, constant
enission and dispersion rates for at least one hour, transient phenomena
cannot be accounted for. Repeated transient phenomena, such as aircraft
takeoffs, are treated as though their air-quality i{mpacts could be averaged
over one hour. This trestment 1s satisfactory only for relatively inert
pollutants and averaging times on the order of one hour. Such a procedure
must be modified for situations where shorter averaging times are required.
Also, fairly reactive and/or. secondary pollutants or highly variable

~

meteorological conditions require more detailed treatments.

5.4.2 Limitations and Weaknesses

Limitations and weaknesses are not always perceived as such by various
users. Sometimes a limitation may be regarded as a blessing. Nevertheless,
an attempt has been made to list what may be regarded by some, at least, as
shortcomings of the various AVAP versions. These are discussed under the
three separate headings of Usability and Availadbility, Documentation, and
Technical lssues.

Usability and Availability

Version ] tends to be hard to use because its application requires a
careful review of the user's manual. In addition, for large problems, a
considerable amount of input data must be prepared by the user. Version 2,
however, provides msny default values and slleviates much of this problem.
However, this reduction in input preparation time 1is achieved at the expense
of flexibility and accuracy of representation of actusl airports. Of the
three versions, only Version 1 is readily available through NTIS.

Because the emission and dispersion algorithws are cosbined into a
single package, and becsuse of the options regarding source inputs, the AVAP
codes all require rather large computer core storage. In addition, the
algorithms are not optimslly written and therefore can consume significant
smounts of comsputer time, especially when large wnusbers of repetitive
calculations are involved. Hence, these codes require fast, large, msiaframe
computers. Also, it is inefficient to use them on smsll problems involving
only a few sources.

Documsntation

The documsntation of Varsion | was quite adequate froa both the weer
and technical points of view at the tims it was prepared. However, mamy of
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the emission parameters either listed in the user's manual or incorporated as
defaults into the emission model are outdated. In addition, technical changes
have been {incorporated 1into Version 3 that have not been adequately
documented. Further {mprovements have also been planned but have not yet been
thoroughly documented.

Technical Issues

No treatment of reactive or secondary pollutants (e.g., reactive
hydrocarbons, NO;, 05, or secondary fine particulate matter) is available. NO
to NO, conversion is not treated. Aerosol formatfon is not treated. There {8
no treatment of complex terrain features. Applications are limited to an
airport and 1its near vicinity. Only neutral and positive buoyancy are
treated. Treatment of individual aircraft plume dynamics 1s not adequate tor
research studies of near-field phenomena (although such effects may not be
relevant for EIS-type applicatfons). Building-wake effects are not adequately
treated to provide reliable estimates of concentrations near terminal
buildings. Nonaircraft emission factors are out of date. Plume rise {n
takeoff mode is not treated. Only Carson-Moses and Holland plume-rise
formulas (see, for example, Ref. 15) are currently available as options for
nonafrcraft sources. No treatment of calm conditions other than persistence
of preceding or following nonzero wind conditions is included. The present
line-source algoritha is inefficient and has been shown to be inaccurate under
certain special {input conditions. The dispersion parameters are based on
earlier dispersion wmodeling studies and the PGT stability classification
scheme. The recent recommeandations of the AMS should be evaluated and
considered for incorporation into the AVAP models. Currently, the user must
either supply a value for the depth of the mixed layer or choose the default
procedun, which 18 based on the Holzworth climatological value for the
region. Some alternative, more adequate default procedure should be
developed. Specific jet-engine thrust settings ave sssumed to correspond to
aircraft operational modes. These may require updating.

5.4.3 Updates Essentisl for Inert-Pollutant and/or Screening Applications

Updated, faster, more accurate line- and point-source dispersion
algorithms should be 1incorporated. Updated documentation to 1include the
latest improvesents 1in algorithas and various paramster values should be
added. Dispersion paramsters and the turbulence classification scheme should
be updated. Updating of the aircraft plume-rise algorithm and initial-
dispersion parameters for asll aircraft sodes, especially takeoff, is needed.
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5.4.4 Additional Updstes Desirable for Inert-Pollutant
and/or Screening Applications

If nonaircraft sources are to be considered, ewtssion factors should be
updated. If cala conditions are of concern, s csals algoritha should be
incorporated. The original NTIS wversion should dbe replaced with Version 3 and
additional updates undertaken as indicated above.

5.4.5 Updates Needed for Reactive-Pollutant Applications

Development and testing of algorithas to treat NO/NOZ conversion in
aircraft plumes should be undertaken (see, for example, Ref. 17). Development
and testing of algorithas that can be used for treating wore general react{ve-
pollutant problems, 1including photochemical-smog formation and visibility
degradation, are needed. The above algorithms should be incorporated into a
general computational package for either research or regulatory applications,
as needed.

5.4.6 Revisfons Needed to Enhance Usability

One approach to making AVAP more usable, especially to a broader
spectrum of users, would be to redesign the computer code so that it could be
installed on microcomputer or wminicosputer systems. This would require that
the emission and diepersion parts of the code be separated and that each part
be further subdivided into stand-alone wmodules. Each module could be designed
to read in data from the user teraminal or from ons or two external storage
devices and to write data out ontc one or two ocutput data-storage devices that
could be accessed by subsequent modules. An 1{nteractive data-file editor
could be designed to further simplify the process of cresting new dats files
or editing existing ones. Using the fateractive mode for data-file operstions
and the batch mode for running cosputational codes could produce the optimum
combination of ease of use and time saving.

A proposed new version of the AVAP model designed along the lines
tfadicated above is discussed further in Sec. 9 of this report.
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6 SUMMARY AND EVALUATION OF THE AQAM COMPUTER MODELS

6.1 THE AQAM

The AQAM is intended for use 1in evsluating the air-quality impacts of
large military aviation facilities. As in the case of their civilian counter~
part (AVAP), the AQAM computer codes are user-oriented codes with great
flexibility. The user can elect to treat virtually any conceivable combina-
tion of aircraft, air-base, and eanviron sources likely to be encountered in or
around an air Dase. Afrcraft sources 1in particular can be treated in
considerable detail — grester detail, in fact, than in the AVAP model. In

contrast to its civilian counterpart, AQAM is composed of several stand-alone
but coapatible computer codes:

e Source-Emission-Inventory Model
e Short-Term Emission/Dispersion Model

e Long~Term Dispersion Model (Research Version and Appli-
cations Version)

The overall structure of the model is shown in Fig. 3. The dashed
lines are used to distinguish the four separaste component parts, which include
the three separate coamputer codes listed above and a "Meteorological Data
Program” that is operated on request by the Air Force Weather Service (ETAC).

The Short-Ters Emission/Dispersion Model is used to calculate hourly
average source-emissfon rstes and pollutant conceatrations. It utilizes
essentially the same point-, area-, and line-source dispersion algorithms as
the AVAP nmodel. However, various updates and changes over the years have
resulted in some ainor differences in some of the algorithas.

The Long-Term Dispersion Model has no equivalent in the AVAP wmodel. It
employs a statistical-climstological-dispersion approach, as opposed to the
hour-by~hour approach, to cospute long-term average pollutant conceatrations
on a monthly or snnual bastis. Such averages can be computed for several
distinct daily time intervals, as shown in Table 3. As indicated in Fig. 3,
the Long~Term Dispersion Model requires msteorological 1input deta prepared
specifically for this purpose by ETAC.

There are two versions of the Long-Term Dispersion Model: the Research
Version snd an abridged version referred to as the Applications Version. The
asbridged wversion 1is somewhat less flexible but requires substantially less
cosputer run time than the Research Version.

The Source-Raission-Inventory Model 1is aleo & physically separate
computer code. It operstee om user-input source data and produces a computer
file, containing source informstion and annusl average emission rates, that
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Table 3 Definition of Diurnal Time
Intervals Used in the AQAM Long-
Term Digpersion Model

Time Interval
Period (LST) Interpretation

I 0000 - 2400 all hours of day

(%]

0600 - 1800 business hours

3 0600 - 0900 morning rush hours
4 0900 - 1500 mi dday

5 1500 - 1800 evening rush hours
6 1800 - 2100 late evening

7 2100 - 0600 nightttime

can be used as an end product or as input to one of the AQAM digpersion
models. The Source-Eamission-Inventory Model organizes sources into aircraft,
air-base nonatrcraft, and environ source types, as does the AVAP wmodel. It
also defines point, line, and area source geometries. However, the structures
of these two codes differ {n accordance with operational diffsrences at
military and civilian facilities. Different atrcraft types, operational
modes, and engine thrust settings are defined in these codes, and the AQAM, in
particular, places greater emphasis on aircraft-type-dependent operational
parameters. Whereas runway, and therefore taxiway, assignments are based on
aircraft range, wind direction, and airline in the AVAP model, they obey a
different set of constraints at military facilities. The dependence of runway
choice on wind direction, for example, is specified by the user in the foram of
a series of keys, that is, a sequence of ones and zeros, indicating whether
the runway is used, for each of 16 wind-directfion sectors. This is a simpler
input scheae than the wind-quadrant procedure used in the AVAP model. Also,
rather than specifying a taxiway~segment aircraft-activity mstrix as in the
AVAP wmodel, AQAM employs taxivay trajectories, one for each runway-end and
alrcraft-parking-sres combination. Each such trajectory may contain several
strafight-line taxivay segments. This scheme is better suited to military
facilities and {s very convenient for the input-data compiler but {s not
computastionslly optimesl. In addition, military training flights and espe-
cially “touch-go” operations have no equivalent in commsrcial airports and
therefore require apecial treatment in AQAM. Additional special ailitary
sources treated {n AQAM {include training fires and engine test-stand
operations.
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6.2 EXISTING VERSIONS OF AQAM

The original AQﬂl. as fllustrated in Fig. 3, was described in des‘u in
a8 technical document dated PFebruary 1975. An operator's guide was
published in 1976, and detailed descriptions of the computer codes themselves,
facluding flonchasﬁl_ 2{:\«! subroutine descriptions, were published in three
separate documents in 1977. Between the time that the original technical
documentation was drsfted and the computer—-code docusentation was drafted,
some changes were made in the codes. Because no attempt was msde to update
the original technical documentation, some inconsistencies exist between the
computer-code and technical documentations.

After 1977, the Short-Term Emission/Dispersion sand Source-Emission-
Inveatory codes were used primarily at Tyndall Air Force Base (AFB) for
environmental impact studies, at Miramar Naval Air Base for studies of naval-
aircraft impact and for validation studies, and at Argonne National Laboratory
for validation and sensitivity studies and for development of refinements and
improvemsats. Each of these groups made wodifications to the original
computer code to meet their missions, so there are now three separate versions
of this model. HNo attempt will be made here to review the Navy version of the
AQAM (see, for example, Ref. 23), but the other versions will be discussed in
comparison with the original version in some detail below.

6.2.1 Curreant Version of AQAM in Use st Tyndall APB (circa February 1982)

Thies version of the Short-Term Eaission/Dispersion Model 1is essentislly
the sams as that described in Ref. 20. However, line-by-line comparisons have
revealed that some undocumented changes have been made in the Tyndall version.
These include minor changes in the inputs and outputs, additions of some
explanatory comments, and other minor coding changes of no coasequence. One
changes that will affect the computstions is the incorporation of a terrain-
correction factor,

6.2.2 Validation-Study Version

Argonne National Laboratory prepared two elightly different versions of
the AQAM computer code for purposes of pcrlonl” glcullttou and comparing
results with observations made at Williasme AFB.” ° These warsions, AQAN I
and AQAM Il, are briefly described fu Refs. 24 and 25. AQAM 1 wae set wp to
operate in precisely the ssse way that the original AQAM normslly would be
operated by s ussr. Namsly, it accepts snnsal asverage emission data, which
are subsequently veduced to hourly aversge emission rates using bduilt-in
algorithas that require as input veriows tims-of-year, day-of-week, and
tims-of~day emission-distribution parsssters. AQAN II, on the other hand, was
set up to utilise obsetved hourly aircraft sctivity dats takea ot ¥Williasms
AFB, With regard to the dispersion algorithas, AQAM 1 asnd AQAN II are
tdeatical. MNowever, AQAN 1 and II are mnot identical to the version described
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in the original code documentation mentioned above. The differences are
listed below:

o Different treatment of calm conditions.
e Different output structure.

o Use of a wmodified 1line-source dispersion algorithm,
together with a more accurate "error function” subroutine.

e Other minor differences in coding.

The different treatment of calm conditions constitutes a major
{mprovement 1in the Short-Term Emigsion/Dispersion Model. Unfortunately,
documentation {s pregently limited to a technical description of the calm
algoritha in draft form and a computer code listing. The use of a slightly
modified line-source algorithm and a more accurate “error function”™ resulted
in a gsubstantial improvement in the accuracy of the code under certain rather
special conditions but required only minor changes to the original computer
code,

6.2.3 Other Changes

The only other major change of note has been the development of a
completely new line-source algorithm. This algorithm has not been
incorporated into any version of the Short-Term Emission/Dispersion Model as
of yet, and it has not been formally published, although a technical
description of the algoritha does exist {n draft form and a code listing {s
available. This development results in a substantial i{mprovement in the
computer run time over that of the original algoritha, as well as a
significant increase 1in accuracy. The {ncrease {n accuracy {8 only really
significant for certain rather special combinations of input parameters that
resulted in erroneous output from the original code.

6.3 COMPARISON OF THE VARIOUS VERSIONS OF THE SHORT-TERM AQAM

For purposes of this comparison, the three versions of the Short-Tera
AQAM shall be referred to as follows:

Version 1: Original documented version of the Short-Term
Model

Version 2: Versfon used in the Williams AFB validation study

Version 3: Present Tyndall AFB version, Pebruary 16, 1982

- '"”*"’?%3¥£g~4a£*ﬁ:n,.;;'u X
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6.3.1 Treatment of Low Wind Speeds

Versions | and 3 both assume that if the wind speed is less than | wph,
the wind speed and direction are set to the nearest nonzero hourly value.
Version 2 uses the cala algoritha.

6.3.2 Treatment of Lid Height or Mixing Depth

Versions 1 and 3 both require hourly values as fnput. Version 2 uses
either the Nozaki equation (see Ref. 25, p. 60) or hourly input values fros
acoustic sounder data obtained at Williams AFB. 1If the wind is calm, Version
2 assumes pollutants are uaiformly aixed in the vertical direction within the
aixed layer.

6.3.3 Error Function

All three versions require the use of an error-function subroutine that

is called by the line-source algorithm. Versions ! and 3} use the same error-
u function subroutine. Version 3 uses a superior subroutine. In additionm,
there {s also s alnor change in the line-source algorithms itself in Version 2
that corrects an error that occurs only for certain combinations of iaput
variables.

6.3.4 Terrain Correction Factor

Version 2 employs a terrain correction factor; the other two versions
do not.

6.3.5 Plume Rise

-‘f Briggs's plume-rise formula has been added as an option to Version I
but not to the other two.

6.3.6 Treatment of Large Area Sources

All three versions treat large area sources using the same algorithm.
However, this algoritham is not documented 1in the technical report dated
Pebruary 1975. It is an improved treatment compsred with that described in
the February 1975 document.
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6.3.7 Input/Output Structure

There are some differences in the input/output statements appearing in
the three codes. These differences do not affect the operation of the codes
themselves.

6.4 AQAM EVALUATION

6.4.1 Intended Uses and Strengths

The AQAM package was originally designed for use on large, fast, main-
frame computer facilities by environmental and computer staff at various Air
Force installations. It was to be used to compute emissions and air quality
on either a short-term or long-teru basis. The models are very flexible and
can be used for a wide variety of air-quality problems. Separate emission and
dispersion computations can be performed. Considerable freedom of choice is
available to the user regarding types of sources to be 1included in a
particular calculation and the level of detail of treatment. At the time of
development, the computer codes incorporated state-of-the-art emissions and
dispersion modeling techniques for nonreactive pollutants (over time intervals
of one hour) and for transport distances of the order of several kilometers
away from the military installation. Provisions for treating a wide variety
of alrcraft, nonaircraft air-base, and environ sources were incorporated. The
codes were designed to accept meteorological data routinely collected at air
bases and processed by ETAC. The Long-Term Model, in particular, operates on
a climatological joint stability and wind-rose data set prepared specifically
by ETAC for that purpose. The original version of the AQAM computer codes is
well documented, and the Short-Term Model, especially, has undergone extensive
telt1n326 Tests have incllﬁec&sapplic.tion to both the Washington g’tlonnl :
Airport and Williams AFB™ ' and extensive sensitivity analysis. The {
Long-Term Model has been tested using hypothetical data bases only. Both the
research and the applications versions of the Long-Term Model have been tested
using hypothetical data bases and have %cn compared against each other and

< have undergone some sensitivity analyses.

——

6.4.2 Limitations and Weaknesses

Modsl Usabilit

The generality and flexibility built into the original AQAM cowputer
codes, along with the ability to trest aircraft opevations at Air Porce bases
in great detail, has generated two prodlems that have limited the codes' use
st various Air Porce installations. Pirst, the potential user tends to be put
off by being confroated with having to proceed step-by-step through the user's
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guide, which requires him to make a large number of technical decisions and to
gather, if the problem warrants it, a large body of information; this can be a
very manpower-intensive process. Of course, 1if the scope of the problem is
small, the {nput information requirements are correspondingly smsll.
Nevertheless, even if the prodlem is a simple one, the novice usar is still
faced with what he may regard as an avesome task of becoming familiar with the
general 1input structure and operation of the computer codes. The other
problem {is related to computer facility requirements. If the number of
sources, especially line sources, used in the problem is large, then the
computer run time, especially on older facilities, can be excessively long.
Furthermore, regardless of the scope of the problem, the computer core-storage
requirement {is large and, in fact, often too large for the many computer
installations at which severe constraints are placed on users for one reason
or another.

Documentation

Although the original AQAM has been fully documented, a number of code
changes and updates have been implemsnted by Air Force personnel in the
Tyndall version and by Argonne staff in the version used in the Williams AFB
Validation Study. These changes, especlally those implemented at Argonne,
affect model performence under certsin conditions. The published documen-
tation has not been correspondingly updated.

Technical lssues

The technical limitations and wesknesses of the AQAM dispersion codes
are essentially the same as those of the AVAP computer codes (see Sec. 5.4.2)
vith the following exceptions:

e The AQAM codes have not been updated to include the results
of the Dulles and Washington National airport experiments
regarding jet-aircraft plume rise and initial dtispersion.

o The AQAM Short-Term Model (the version used in the Williasms
AFB Validation Study) contains a cslm algoritha, wvhereas
the AVAP model does not. AQAM aleo contains a superior
“ervor function” seudroutine that eliminates some of the
numerical problems arising from certain cosbinations of
inputs to the AVAP code.

o The Willtams AFB Validation Study version also contsins the
default option of using the WNosaki equation to compute
nixing depth. However, this equation has been shown to be
inadequate. A better defsult option is required. The
defsult algorithm used in the AVAP model, although not

|
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adequate either, 1is probadly superior to the Nozeki
equation.

o The level of treatment of aircraft and air-base sources
available to the user in the AQAM is probably unnecessarily
detatled. For wost purposes, the number of source types
could be reduced and the wuse of aircraft-dependeant
operational parameters could be replaced with the use of
generic operational parameters.

6.4.3 Updates Essential for Inert-Pollutant and/or Screening Applications

See Sec. 5.4.3.

6.4.4 Additional Updates Desirable for Inert~Pollutants and/or Screening
Applications

See Sec. 5.4.4. In addition, the documentation should be updated, and
ainor differences among exfsting versions of the AQAM should be eliminated.

6.4.5 Updates Needed for Reactive-Pollutant Modeling

See Sec. 5.4.5.

6.4.6 Revisions Needed to Enhance Usability

As with the AVAP computer code, the best way to improve the usability
of the AQAM codes, especially to make it useful to a broader spectrum of
users, is to redesign the codes so that they can be operated on microcomputer
or minicomputer systems. Although the emission and dispersion computer codes
for the Short-Term Model are already separated, the separation is incomplete.
For example, emission rates dependent on the specific hour of simulation or on
the associated meteorology for that hour are still computed within the short-
tera emission/dispersion computer progras. Furthermore, and even wore
important, the structure of the AQAM codes and the size of the arrays used to
store input data preclude the use of computers having only wmodest core
storage. Hence, a course of action similar to that bdriefly outlined in Sec.
5.4.6 for the AVAP model could be taken for the AQAM as well. Proposed new
designs for both the AVAP model and AQAM are discussed in Sec. 9.
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7 MODEL COMPARISONS AND RECOMMENDATIONS

Although the AVAP model and AQAM started off having virtually the same
dispersion algorithms, these algorithms have evolved along somewhat separate
paths due to various updates and refinements. The purpose of the present
comparison 1is to point out the similarities and differences and to select,
where possible, the best that each model has to offer. These "best” offerings
could then be used to guide the development of a new composite or joint
military/civilian dispersion package. For some features of the dispersion
problem, neither model treatment may be completely satisfactory. In such
cases, other alternatives are suggested.

For the purposes of this comparison, the version of the AVAP model uleg
in the Updated Assessment of Afir Quality Impacts at Major U.S. Mrports“'z
and the version of the AQAM used in the Williams AFB Validation Study (AQAM I
is technically equivalent to AQAM II) will be used.

Table 4 summerizes the methods used by each of these two wmodels to
treat each feature of the modeling problem. Recommendations for the “best”
method of treating each feature are also given in the table.




Table 4 Comparison of the AQAM and AVAP Models

facosmmendat {en

Avare

Posture

Separste enisstion fros disperetien codes.

Separated (partially).

Saission/dtepersion Conbined.

Develop fateractive data-file editing pregrams and

batch-wode emission conputstional programs fer beth
AVAP and AQNM. Simplify end rewsve or ashe eptiecmsl

VAR CESSATY SONTCNS.
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long-tera ssdel mseded for civilian wee, adapt leng-

ters version of AQAN.

dispersion codee common to beth civiliss end atli-
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Short-Ters Model: hourly
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hourly sctivity.
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average asctivity levels.

Seme s AVAP,

Pofats, liass, atvess.
Arbitrary leagth and
octentation of 1ines.
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ssnstireraft
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